Background: The aim of the study is to determine the prevalence of HIV infection among adult patients with reactivation of haematogenous chronic osteomyelitis. Methods: A retrospective analysis of prospectively collected data from 143 adult patients with chronic osteomyelitis. Results: A total of 143 patients were included in the study group, with a mean age of 38 years (range 14-78 years). Twenty-two per cent (n=31) of patients were diagnosed with reactivation of chronic haematogenous osteomyelitis, while 78% of patients had contiguous chronic osteomyelitis (29% [n=42] post-operative and 49% [n=70] post-traumatic, respectively). Forty (28%) patients were found to be HIV positive with a mean CD4 count of 414 cells/mm³ (range 13-1 034 cells/mm³). Twenty-four (60%) of patients with HIV were on antiretroviral therapy at time of diagnosis. The prevalence of HIV infection among patients with contiguous (post-operative or post-traumatic) infections was 32%, in comparison to 13% in the group with reactivation of chronic haematogenous infections (p=0.04; OR 3.2; 95% CI 1.0-9.8).
Introduction
The total number of people living with human immunodeficiency virus (HIV) in South Africa is currently estimated at approximately 7.06 million. In the age group 15-49 years, the national prevalence is estimated at 16.8%. 1 The prevalence in KwaZulu-Natal, the second largest province in South Africa with a population of approximately 11.1 million people, is currently estimated at 21.5%. 2 HIV infection results in a combination of immune suppression and chronic inflammation through the mechanisms of immune exhaustion with effector T-cell dysfunction and immune senescence with premature aging of the immune system. 3 The resulting neutrophil, monocyte and B-lymphocyte abnormalities lead to a decreased capacity for bacterial phagocytosis and an increased rate of bacterial infections. Methicillin-resistant Staphylococcus aureus infection is, for example, 6-18 times more common in HIV patients than in the general population. 4 HIV co-infection is presumed to be among the major contributing factors to the pathogenesis of bone infection.
Chronic osteomyelitis can be defined as a biofilm-based infection where the majority of pathogens are sessile-based and are resiliently attached to the nidus of infection. 5 In the case of chronic haematogenous osteomyelitis, the nidus of infection is typically a sequestrum that is formed following acute osteomyelitis in childhood. The appropriate treatment of acute haematogenous osteomyelitis has resulted in a drastic decrease in the incidence of chronic osteomyelitis of haematogenous origin in the developed world; however, it remains fairly common in the developing world. 6 Owing to the unique characteristics of the causative organisms, reactivation of chronic osteomyelitis may occur as much as 65 years following the initial infection. 7, 8 These characteristics include the internalisation of bacteria by osteoblasts which is mediated by the sigma B regulon in the case of Staphylococcus aureus. 9 The exact cause of the reactivation of infection has, however, not been clearly defined but it is believed to be associated with a decrease in local or systemic immune protection. Jellis reported a possible increase in haematogenous osteomyelitis in patients with HIV infection. This was however only a comment and further data on the topic was not provided. 10 To the best of our knowledge, there is currently no data on the reactivation of chronic haematogenous osteomyelitis in HIV patients.
The aim of the study is to determine the prevalence of HIV infection among adult patients with reactivation of haematogenous chronic osteomyelitis.
Materials and methods
A retrospective descriptive study was performed on prospectively collected data from consecutive patients seen at a tertiary-level tumour and sepsis unit with chronic osteomyelitis. All adult patients over the age of 14 years assessed from January 2011 to December 2014 were included in the study. Patients excluded from the study were those with atypical infections including fungal, parasitic and tuberculosis, acute post-operative infection, periprosthetic joint infection or hand sepsis.
Following ethical approval from the relevant biomedical ethics review board, data were collected with respect to patient age, cause of osteomyelitis (haematogenous or contiguous), physiological host stage and anatomic nature of the disease according to the Cierny and Mader classification system, HIV status, CD4 count and the presence of antiretroviral therapy.
For the purposes of this study chronic osteomyelitis was defined as an infection involving bone, with a duration of at least ten days, where the causative organisms were thought to have persisted either intracellularly or in interactive biofilm-based colonies. Haematogenous chronic osteomyelitis was defined as the reactivation of chronic osteomyelitis resulting from a previous episode of acute osteomyelitis of haematogenous origin. Contiguous chronic osteomyelitis was defined as chronic osteomyelitis resulting from a prior open fracture (post-traumatic) or operative intervention (post-operative).
All patients were screened for HIV infection. Following clinical, radiological and biochemical evaluation, patients were classified according to a modified version of the original Cierny and Mader classification system (Table I) . 11 In terms of the physiological status of the host, the Cierny and Mader classification system was modified in order to provide a more pragmatic and objective definition of a C host. A patient was classified as a C host if one major or more than two minor risk factors were present (Table II) . In order to remove any ambiguity during classification of the anatomical nature of the disease, this was performed prior to, rather than following, the debridement.
Statistical analysis was performed using Stata 13.0 (StataCorp. College Station, Texas). Continuous variables were reported as mean (± SD) or median (with interquartile range) and categorical variables as numbers and percentages, unless otherwise stated. Categorical data were compared using the Fisher's exact test or the chi-square test. All tests were two-sided, and the level of significance was set at p<0.05. Twenty-two per cent (n=31) of patients were diagnosed with reactivation of chronic haematogenous osteomyelitis, while 78% of patients had contiguous chronic osteomyelitis (29% [n=42] post-operative and 49% [n=70] post-traumatic, respectively). The location of the infection was the tibia in 52% of cases (n=75), femur in 27% (n=39), humerus, pelvis or foot in 5% (n=7), fibula or radius/ ulna in 3% (n=5) and clavicle in 1% of cases. Overall, 15% (n=21) of patients were classified as A hosts, 41% (n=59) were B hosts and 44% (n=63) C hosts. Of the B hosts, nine patients were HIV-positive with a mean CD4 of 627 cells/mm 3 . Thirty-one (49%) of C hosts were HIV-positive, mean CD4 352 cells/mm 3 . The prevalence of HIV infection among patients with contiguous (post-operative or post-traumatic) infections was 32%, in comparison to 13% in the group with reactivation of chronic haematogenous infections (p=0.04; OR 3.2; 95% CI 1.0-9.8) (Table  III ). In addition, there was a significant difference between the two groups in terms of the site of infection, the physiological stage of the host and the anatomic nature of the disease (Table III) 16 The influence of CD4 count on the development of infection also remains unclear.
Guild et al., showed an increased infection rate in patients with a CD4 count below 300. 17 All of the above-mentioned studies, however, focused on contiguous (post-operative or post-traumatic) infections. Limited data is available on the impact of HIV on haematogenous osteomyelitis. Lavy and co-workers noted a three-fold increase in the number of septic cases treated in Malawi and speculated that this may, at least in part, have been the result of an increased seroprevalence of HIV. 18 While osteomyelitis was mentioned in this report, haematogenous osteomyelitis was not specifically looked at. In 1996 Jellis reported an increase in the incidence of adult long-bone haematogenous osteomyelitis in patients with HIV and further stated that it was a common orthopaedic presentation of adults with advanced HIV disease. 10 The aim of this study was to determine the prevalence of HIV infection among adult patients presenting with chronic haematogenous osteomyelitis in an attempt to investigate the possible association between HIV infection and adult chronic osteomyelitis. Intuitively, it seems reasonable to expect that an immune-compromising disease like HIV/AIDS might cause an increase in the incidence of reactivation of quiescent adult osteomyelitis, especially in patients with very low CD4 counts.
Somewhat surprisingly we found a lower prevalence of HIV infection among adult patients presenting with chronic haematogenous osteomyelitis in comparison to adult osteomyelitis from other causes (13% vs 32%, p=0.04). The prevalence of HIV infection in the contiguous group of patients was comparable to that seen in the general population of the region where the study was performed; however, in the haematogenous group it was considerably lower. In addition, the HIV-positive patient who did present with haematogenous osteomyelitis did not have exceptionally low CD4 counts. While this study by no means provides the definitive answer, it appears that HIV infection may not necessarily be associated with the reactivation of quiescent haematogenous osteomyelitis in adults, as was initially thought. This study has several shortcomings. Due to the retrospective nature of the study it was not possible to determine how many patients with haematogenous osteomyelitis remained asymptomatic. Thus, we were unable to compare the true prevalence of reactivation in HIV-positive and -negative patients. A long-term prospective follow-up of patients with haematogenous osteomyelitis will be required for this purpose. A further limitation is the small sample size, especially in the haematogenous group. The question therefore remains unanswered and further research in the field is warranted.
Conclusion
The prevalence of HIV infection among patients with reactivation of chronic haematogenous osteomyelitis appeared to be lower than that seen in patients with chronic osteomyelitis from other causes, and lower than that seen in the general population in South Africa. This appears to be in contradiction to previous reports stating that HIV infection may be associated with adult chronic haematogenous osteomyelitis.
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